
measured, as shown in Table I. Since these four compounds have similar 
UV absorption characteristics, the rates of polymerization should provide 
an approximate indication of relative radical yields and reactivity. In 
aqueous solution the values of the rates suggest that cation radical pro- 
duction does not depend upon loss of chloride, as evidenced by the 
comparatively high rate sensitized by IIIa. However, in methanol solution 
the three compounds that lose chlorine show about the same rate of 
polymerization, a higher value than that for IIIa. 

On the basis of the above results, the primary photochemical processes 
occurring on irradiation of hydrochlorothiazide appear similar to those 
found for chlorpromazine, with photoionization predominating in 
aqueous solution and triplet state formation mainly in methanol. How- 
ever, it is possible that the polymerization technique is not an adequate 
indicator of radical ion formation in methanol where ion recombination 
or reaction with solvent may occur more readily than in water. A phe- 
nomenon that is indicative of excited state electron transfer is the 
quenching of fluorescence by an electron donor (17). We have observed 
that the fluorescence of I (50 rM in methanol) is quenched to 50% by 6 
mM triethylamine. In contrast, the fluorescence of chlorpromazine is 
unaffected (18). 

The fact that hydrolysis of I is stimulated by irradiation implies the 
formation of a cation radical in the thiadiazine ring, thereby rendering 
it more susceptible to attack by nucleophiles. This is most evident in the 
aqueous system where the expected intermediate IIIb was not detected. 
The dechlorination is presumably effected by the solvated electron 
formed in the photoionization. 

In methanol the formation of cation radicals is indicated by the pres- 
ence of significant amounts of the hydrolyzed compound 11. However it 
is not clear if the cation radicals result from photoionization or radical- 
ion-pair formation from the triplet state. Flash photolysis experiments 
are needed to clarify the primary photochemical events. However, as 
pointed out elsewhere (10, 16), i t  is believed that the formation of free 
radicals following absorption of UV radiation is the significant factor in 
the initiation of a photobiological effect. 
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Abstract A series of N-substituted hydrazines were condensed with 
various spiro[4.5] and [5.5]anhydrides and the resultant N-substituted 
azaspiranediones were evaluated for antimicrobial activity. None dis- 
played any significant activity in a variety of organisms tested. 

Previous works (1,2) have shown a wide variety of bio- 
logical effects for the azaspiro nucleus. It was of interest 
to extend this work to various 2-substituted-2-azaspiro- 
[4.5]decane-1,3-diones (I) and 3-substituted-3-azaspiro- 

Keyphrases Antimicrobial agents-potential, evaluation of various 
N-substituted azaspiranedione derivatives Azaspiranedione-evalu- 
ation of various derivatives as potential antimicrobial agents 

[5.5]undecane-2,4-diones (11) and to evaluate these hy- 
drazinoimides as potential antimicrobial agents. 

I t  has been demonstrated (3-6) that in the fused 4- 
azacholestane ring various 4-alkyl-substituted derivatives 
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Table 1-2-Substituted-2-azaspiro[4.5]decane-1,3-diones 

Isolation Melting Boiling Analysis, % 
ComDound R R' Yield, % Procedurea Point Point, mm Formula Calc. Found 

XI11 H H 77 D, C 144-145' **' 199-205' CsH13N02 C 64.64 64.82 
7.82 

N 8.38 8.40 

H 7.75 7.80 

(1.75) H 7.84 

XIV NH2 H 57 C 11&117' * - CgHi4NzOz C 59.30 59.59 

N 15.38 15.40 
73 C 132-133' - Ci~HzzNzOz C 67.15 67.25 

H 8.86 8.90 
X V - 0  H 

N 11.19 11.31 
64 C 151-153' - CdhnN20.1 C 61.87 61.90 

H 8.00 8.10 
XVI -0 H 

N 11.11 11.21 
XVII NH2 CH3 72 D, C 130-131' * 109-219' CioH16N202 C 61.19 61.30 

8.18 
N 14.28 14.19 

143-144' f 154-155' C15Hz4N202 C 68.13 68.31 
H 9.16 9.22 
N 10.60 10.70 

166-167' f 174-184' C I ~ H ~ ~ N Z O ~  C 63.12 63.13 
(2.25) H 8.33 8.40 

N 10.52 10.50 

(1.75) H 8.22 

(3.75) 
XVIII -0 CH3 82 D, C 

XIX - G O  CH3 79 D, C 

Legend D is distillation; C is chromatography (alumina, neutral; solvent benzene-methanol, 4: l ) .  EthanolLWater. Lit. (15) mp 145'. Hexane. Benzene. 
Methanol. 

(111, IV) possessed antimicrobial activity. Thus, it was of 
interest to determine whether this activity could be ex- 
tended to the spiro nucleus as well. 

Wo @:R 0 0 

The ketone (V)  is subjected to a Cope procedure (7) 
using ammonium acetate and acetic acid as catalysts. The 
resultant alkylidene cyanoacetic ester (VI) was obtained 
in purified form on distillation. (This ester should be used 
within several days as decomposition is noted even under 
the most careful conditions.) Addition of potassium cya- 
nide followed by acid hydrolysis produced the l-car- 
boxy-1-acetic acid derivative (VII), which was quantita- 
tively converted to the anhydride (VIII), with excess acetic 

(1) (11) anhydride. Condensation of the anhydride with substi- 
tuted hydrazines in the presence of a high-boiling solvent 
and molecular sieves followed by distillation produced the 
desired 2-substituted-2-azaspiro[4.5]decane (IX). The 
reaction sequence for the 3-azaspiro[5.5]undecane series 

N-R 

&I7 &I7 is shown in Scheme 11: 
1. CHa(CN)C02CaH5, NHa 

CH3 CH3 "* 2. HC1 

V 
(111) (IV) 

The reaction sequence for the 2-azaspiro[4.5]decane 
(CH3CO)aO - NH - HC1 R1-cccozH 

CO,H 
XI 

Rl+o 
series is shown in Scheme I: 

CHz(CN)COzCaHs 
RI+ 

AN 

V X 

R 1 ~ C - c o , C , H ,  1. KCN* <IH (CH3CO)10. @: RI@:-. 

R' 2. HCl 

VI VII 0 0 
XI1 XI11 

Scheme I1 

In this sequence, the ketone was subjected to 2.0 moles 
of ethyl cyanoacetate in the presence of anhydrous am- 
monia to yield the ammonium salt of the Guareschi imide 
(8) which was converted to the imide (X), on acidification 

Rl&o - R-NHI R' a- 
VIII IX 

Scheme I 

184 I Journal of Pharmaceutical Sciences 
Vol. 72. No. 2, February 1983 



\ Table 11-3-Substituted-3-azaspiro-9-methyl[ 5.5]undecane-2,4-diones '0 

Isolation Melting Boiling Analysis, % 
Compound R Yield, % Procedure' Point Point, mm Formula Calc. Found 

xx H 82 C 161-162' b.c - CiiHi7NOz C 67.65 67.75 
H 8.78 8.89 
N 7.18 7.20 

83 C 162-163' ' - CiiHisNzOz C 62.82 62.90 
H 8.63 8.73 
N 13.33 13.46 

D, C llo-lllo d 179' f ~isHzsNzOz C 69.02 69.00 
H 9.42 9.54 
N 10.07 10.00 

C 132-133' - CiaHzrNzOa C 62.24 62.20 
H 8.63 8.50 
N 10.00 10.10 

XXI NH2 

XXII -0 73 

XXIII - 0 3  82 U 

a Legend (Table I). Lit. (16): 162". Methanol. d Benzene. Hexane. Ref. 1. 

with hydrochloric acid. Sulfuric acid hydrolysis converted 
the imide into the 1,l-bisacetic acid compound (XI). Acetic 
anhydride, followed by hydrazine condensation as in the 
previous scheme, produced the anhydride (XII) and the 
3 -azaspiro [ 5.51 undecane-2,4-dione derivative (XIII), re- 
spectively. The imides were tested against a variety of 
microorganisms for antibacterial activity. 

EXPERIMENTAL 

InstrumentgMelting points were obtained using a capillary melting 
point apparatus' and are uncorrected. Observed boiling points were also 
uncorrected. IR spectra were obtained on a spectrophotometel.2 as a Nujol 
mull or neat. NMR spectra were determined on a 60-MHz spectrometes 
with tetramethylsilane as the internal reference. Elemental analyses were 
also performed4. 

Reagents-All ketones, ethyl cyanoacetate, and hydrazine5, N-ami- 
nopiperidine, and N-aminomorpholines were distilled before use. 

Ethyl a-Cyclohexylidene-a-cyanoacetate (VI, R1=H)-The 
general procedure (7) was followed using 1.0 mole of cyclohexanone and 
1.0 mole of ethyl cyanoacetate with 7.7 g of ammonium acetate and 12 
g of acetic acid in a 500-ml flask. Yield: 125 g (65%), bp 104-107' (0.25 
mm). [lit. 150-151' (9 mm) (7), 151' (12 mm) (9), 163' (15 mm) (lo), 151' 
(10 mm) (11-13)] IR (neat) 4.45~ (Sharp, CEN). 

Ethyl a-(4-Methylcyclohexylidene)-a-cyanoacetate (VI, 
R1=CHa)-Using the above procedure and the same molar quantities, 
145 g (70%) was obtained, bp 98-104' (0.7 mm) [lit. 165-168" (14 mm), 
175' (20 mm), 167' (14 mm)]. 
Cyclohexane-1-carboxy-1-acetic Acid (VII, R1=H)-Using a 

previous procedure (9) employing 0.18 mole of ester and 0.36 mole of 
potassium cyanide, after solvent removal and 16 hr of refluxing in 250 
ml of concentrated hydrochloric acid, 14 g (42%) of the acid was obtained, 
mp 132-133' (ligroin-ethyl acetate). The yield was improved to 50% by 
chilling the acid filtrate overnight and collecting the additional crude acid 
[lit. 134' (9,14), 132' (10,1511. IR(Nujo1) 5.75~ (Sharp, C=O). 
4-Methylcyclohexane-1-carboxy-1-acetic Acid (VII, R1=CH3) 

-The same method (9) was employed on the same molar quantities of 
ester and cyanide as with compound VII above. Yield: 19 g (53%) mp 
173-174' (ligroin-ethyl acetate). 

Anal.-Calc. for C10H1604: C, 59.97, H, 8.00. Found: C, 59.73, H, 
7.90. 
Cyclohexane-1-carboxy-1-acetic Acid Anhydride (VIII, 

Rl=H)-Using a previous procedure (9), from 0.05 mole of acid 8.1 g 
(90%) of anhydride was obtained, bp 112' (1.75 mm), which slowly so- 
lidified on standing, mp 57' [lit. 56' (9), 57' (1411. IR(Nujo1) 5.50~ 
(Sharp, C=O). 

Thomas-Hoover. * Beckman IR-18A. 
Varian EM 360A. 

4 Performed by the Schwarzkopf Microanalytical Laboratory, Woodside, NY 
11377. 

Eastman Chemicals. 
6 Columbia Organics, Inc. 

4-Methylcyclohexane-1-carboxy-1-acetic Acid Anhydride (VIII, 
R'=CH3)-As previously indicated, the title compound was quantita- 
tively prepared, bp 124-126' (3 mm), solidifying on standing, mp 60- 
61'. 

Anal.-Calc. for CloH1403: C 65.90; H, 7.76. Found: C, 65.90; H, 
7.64. 

The Guareschi Imide-9-methyl-1,5-dicyano-3-azaspiro[5.5]- 
undecane-2,4-dione (X, R1 =CHs)-A general procedure (16) was 
modified using 1.0 mole of ketone and 2.0 moles of ethyl cyanoacetate 
in a 1.5-liter thick-wall flask. After cooling to -5O, 400 ml of absolute 
ethanol saturated with anhydrous ammonia and cooled to -5' was added, 
the flask stoppered, taped securely, and stored at  0' for 1 week. The crude 
ammonium salt of the Guareschi imide (8,171 was filtered, washed with 
alcohol and then ether, and air dried. The product was dissolved in 1 liter 
of boiling water, filtered, and the hot solution acidified with excess con- 
centrated hydrochloric acid. The product, on cooling, was filtered, washed 
with water, and dried at 100' to give 115 g (47%), mp 217-218' (methanol) 
[lit. 217-218' (16)]. 
4-Methylcyclohexane-l,l-diacetic Acid (XI, R1 =CH+Using a 

previous procedure (16), 0.5 mole of imide, 240 ml of concentrated sulfuric 
acid, which after standing overnight a t  room temperature, was diluted 
with 225 ml of water and refluxed for 24 hr, resulting in a product, 140 
g (65%), mp 157-158' [lit. 158' (16)]. 
4-Methylcyclohexane-l,l-diacetic Acid Anhydride (XII, 

Rl=CHa)-The previous procedure produced the desired product, bp 
152-154O (1.25 mm), which solidified on standing, mp 53' [lit. bp 212' 
(20 mm), mp 53' (16)]. 

General Procedure for  the Preparation of Azaspiranediones- 
The anhydride, 0.05 mole, and the substituted hydrazine were added to 
10 ml of xylene (distilled from sodium) in a 50-ml flask containing mo- 
lecular sieves'. The mixture was stirred magnetically and refluxed for 
2-8 hr. The product precipitated on cooling overnight, and after sepa- 
ration, the residual oil was seeded and chilled. The entire residue was 
combined and either chromatographed or distilled. The distillate was 
then either chromatographed or recrystallized (Tables I and 11). As 
previously reported (2), azaspiro[5.5]undecane-2,4-diones formed un- 
stable hydrochloride salts. This was also observed with the undecanes 
synthesized in this study as well as the azaspiro[4.5]decane-1,3-diones. 

RESULTS AND DISCUSSION 

In addition to the potential antimicrobial activity of various N-sub- 
stituted azasteroids (34, adamantane spiro compounds (18,19) have 
been evaluated for antiviral activity and spirofluorene (20) and spiro- 
perimidines (21) have been tested for antineoplastic activity. Compounds 
XIV-XVI and XXI-XXIII were thus submitted for antimicrobial 
screening. The analyses were performed by the use of the Kirby-Bauer 
technique (22) with the following organisms: Escherichia coli, Staphy- 
lococcus aureus, Sarcinn lutea, Bacillus subtilis, and Pseudornonas 
aeruginosa (23). The compounds showed no activity at concentrations 
up to 100 pmlml. 

7 Molecular sieves, type 4A, Fisher Scientific Co. 
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Abstract  A modification of the USP Dissolution Apparatus 2 is pre- 
sented for use in the measurement of the release of a medicinal compound 
from a pharmaceutical gel. 

Keyphrases 0 Dissolution-apparatus for gels, modification of the USP 
Dissolution Apparatus 2 Pharmaceutical gels-dissolution apparatus, 
modification of the USP Dissolution Apparatus 2 

The in uitro test methods for measuring the dissolution 
of a medicinal compound from a table:, or a capsule are 
defined in the United States Pharmacopeia (USP) (1). 
Mathur et al. (2) appear to be the first to have reported in 
uitro dissolution testing of suspensions. It seems that 
dissolution testing of any dosage form that may restrict the 
delivery of molecules of the medicinal compound to the GI 
epithelium is advisable. 

This report presents a modification of the USP Disso- 

I t+ 4.2 cm 4 I 
S p r i n g  l o a f  

O i rh  kT0.8 cm 
I I  

2.5 ' cm I I  Circular  1 I 1 0 - m r r h  S S  
I I I  I I W i r o  

M 
0.6 cm 

Figure 1-Modification of the USP Dissolution Apparatus 2 for 
gels. 

lution Apparatus 2, that can be used to measure dissolution 
profiles from pharmaceutical gels. 

EXPERIMENTAL 
Dissolution Apparatus-A circular, 10-mesh stainless-steel cloth with 

a 9.0-cm diameter was fitted with four 2.5-cm plastic legs (diameter 0.6 
cm) so that, as it rested on the bottom of the reaction vessel, the wire cloth 
was a t  the point of curvature of the base of the vessel. Four springleaf 
clamps were affixed to the upper surface of the wire cloth to hold the glass 
dish in the center of the platform (Fig. 1). The dish was cut from a 50-ml 
beaker and had 3.9-cm i.d. and an outer height of 0.8 cm. 

A 5-g sample of the gel was weighed in the dish on an analytical balance, 
and using forceps the dish was gently lowered through the dissolution 
medium in the assembled apparatus and was inserted into the clamps. 
The time required by an experienced operator was -30 sec. With thin 
gels, the level spontaneously adjusted to the horizontal plane; with very 
viscous gels, the surface may be leveled by use of a spatula prior to 
weighing. In the gels investigated, the 5-g samples completely filled the 
dish to the rim. If a particular gel had a high density, i t  would be advisable 
to use a greater weight, which would fill the dish. The dissolution medium 
was 900 ml of distilled water or 0.1 N HC1 at 37 f 0.5'. The paddle of the 
modified USP Dissolution Apparatus 2 was centrally positioned 2.5 cm 
above the rim of the dish. The apparatus was then started. Samples were 
withdrawn by a pipet through a glass filter. Ephedrine sulfate was assayed 
using a previously described method (3). 

Dosage Forms-Tablets containing 25 mg of ephedrine sulfate was 
prepared by direct compression in a single-punch tablet machine. A 
portion of the batch was compressed to a hardness of 4 kg; the remainder 
was compressed to an 8-kg hardness. The formulation was: 

Ephedrine sulfate' 25 mg 
Microcrystalline cellulose2 190 mg 
Lactose3 382 mg 
Magnesium stearate4 3 mg 

1 USP. * Avicel PH 101. 

4 NF. 
I'SP. spray dried. 
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